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LETTER    OF    TRANSMITTAL. 


U.  S.  Depabtment  of  Agbicitltube,  Weather  BuREAn, 

Washington,  D.  C,  October  20,  1902. 
Hon.  James  Wilson, 

Secretary  of  Agriculture,  Washington,  D,  C. 
Sir:  I  have  the  honor  to  transmit  herewith  a  paper  by  Prof.  Edward  B.  (Harriott  entitled  Storms 
of  the  Great  Lakes. 

This  paper  presents  952  charts  that  describe  graphically  238  of  the  more  important  storms  that 
visited  the  Great  Lakes  during  the  25-year  period  1876  to  1900. 

The  purpose  of  the  compilation  is  to  famish  observers  of  the  Weather  Bureau  and  shipmasters 
a  handy  reference  which  will  aid  them  to  recognize  on  the  daily  weather  maps  the  general  atmos- 
pheric conditions  that  attend  the  approach  of  lake  storms. 

I  recommend  the  publication  of  this  paper  as  a  bulletin  of  the  Weather  Bureau. 
Very  respectfully, 

Willis  L.  Moobe, 
Chief  U,  S,   Weather  Bureau. 
Approved: 

J.  H.  Bbigham, 

Acting  Secretary. 


STORMS  OP  THE  GREAT  LAKES. 

The  accompanying  charts  present  graphically  the  more  important  storms  of  the  Great  Lakes 
that  have  been  described  in  the  Monthly  Weather  Eeview  daring  the  25-year  period  1876  to  1900, 
inclusiye.  Each  storm  is  illustrated  by  four  charts  that  cover  thirty-two  to  forty-eight  hours  of 
its  history,  and  as  a  rule  at  least  two  of  the  charts  present  general  meteorological  conditions  that 
obtained  over  the  United  States  and  Canada  at  observations  taken  eight  to  twenty-four  hours  before 
the  storm  center  reached  the  Lake  region. 

The  standard  of  intensity  observed  in  selecting  the  storms  varies  with  the  seasons;  the  object 
has  been  simply  to  present  typical  lake  storms  of  the  various  months  that  have  been  of  sufficient 
strength  to  endanger  shipping.  A  classification  of  these  storms  with  regard  to  types  and  a  study  of 
the  characteristics  and  relative  seasonal  frequency  of  the  several  types  will,  it  is  believed,  be  of 
interest  and  Talue  to  all  persons  interested  in  lake  navigation,  and  the  official  forecaster  will  find 
that  the  charts  present  a  record  for  ready  reference  that  can  be  used  to  advantage  in  his  daily  work. 
As  a  means  of  classifying  the  storms  the  pages  containing  the  charts  can  be  rearranged  and  storms 
of  similar  types  grouped;  or  the  charts  can  be  pasted  on  card  board,  cut  to  a  corresponding  size, 
and  filed  in  the  form  of  a  card  index. 

SEASONAL  FRBSQITBNOY  OF  LAKB  STORMS. 

November,  with  a  total  of  45  severe  storms  in  twenty-five  years,  is  the  month  of  greatest  storm 
frequedby  on  the  Great  Lakes.  October,  November,  and  December  have  each  an  average  of  more 
than  one  and  less  than  two  severe  storms.  Next  in  order  come  September  and  March,  with  23  and 
22  storms,,  respectively.  In  June  and  August  severe  storms  occur  about  once  in  three  years  and  in 
July  about  once  in  four  yours.  It  appears  from  these  figures  that  as  the  season  of  navigation 
approaches  its  close  the  storms  increase  in  number  and  also,  as  a  rule,  in  severity,  and  that,  as  a 
forecasting  feature,  the  severe  straight  gales  of  summer  are  an  almost  negligible  quantity. 

TYPBS  AND  INTENSIT7  OF  T,AKTB  STORMS— SOUTH  WJfflST  STORMS. 

•  The  most  destructive  storms  of  the  Great  Lakes  come  from  the  Southwest  As  a  rule  storms  of 
this  class  first  appear  in  the  region  that  embraces  the  southeast  slope  of  the  Rocky  Mountains,  the 
Bio  Grande  Valley,  the  coast  districts  of  northeastern  Mexico,  and  the  west  part  of  the  Gulf  of 
Mexico.  They  appear  at  times  to  have  their  origin  in  an  atmospheric  eddy  that  is  formed  over  the 
region  referred  to  by  the  meeting  of  warm,  moist  winds  from  the  Gulf  of  Mexico  and  cold  north  to 
northwest  winds  that  blow  down  the  eastern  slope  of  the  Rocky  Mountains.  In  some  instances 
storms  that  appear  on  the  southeastern  slope  of  the  Rocky  Mountains  are  clearly  secondary  develop- 
ments to  areas  of  low  barometric  pressure  that  are  moving  eastward  in  northern  latitudes.  In  the 
late  summer  and  early  autumn  months  storms  from  the  west  part  of  the  Gulf  of  Mexico  are  some- 
times of  West  Indian  origin.  Occasionally  storms  advance  from  the  southern  California  coast  over 
the  southern  Rocky  Mountains  and  the  Rio  Grande  Valley,  and  it  is  believed  that  they  sometimes 
pursue  a  more  southerly  course  from  the  Mexican  Pacific  coast  to  the  Rio  Grande  Valley.  The  season 
of  southwest  storms  extends  from  October  to  May;  those  that  advance  from  that  region  during  the 
warmer  months  are  usually  of  tropical  origin.  The  approach  of  storms  of  the  southwest  type  is  gen- 
erally indicated  in  the  Lake  region  twelve  to  twenty-four  hours  in  advance  of  their  arrival  by  falling 
barometer  and  east  to  northeast  winds.  As  the  storm  center  approaches  the  middle  Mississippi  or 
Ohio  rivers  the  barometer  falls  rapidly  and  the  wind  gradually  increases  to  gale  force.  Following 
the  passage  of  the  storm  center  the  wind  shifts  suddenly  to  northwest  and  the  barometer  rises 


rapidly.  The  gales  that  attend  these  storms  are  particularly  dangerous  on  the  United  States  side  of 
the  Great  Lakes  where  they  come  as  onshore  winds,  and  in  the  winter  months  the  danger  is  frequently 
added  to  by  heavy  falls  of  snow  and  subsequent  intense  cold. 

STORMS  FROM  THE  MIDDLB-WEST. 

Next  in  order  as  regards  severity  are  storms  that  advance  from  the  States  of  the  lower  Missouri 
Valley  over  the  Great  Lakes.  These  storms  first  appear  on  the  middle-eastern  slope  of  the  Rocky 
Mountains  and  move  north  of  east,  or  swing  southeastward  from  the  Northwestern  States  or  the 
north  Pacific  coast  and  recurve  east  and  north  of  east  over  the  lower  Missouri  Valley  or  the  States 
of  the  middle-west.  They  frequently  develop  dangerous  strength  while  crossing  the  lower  Missouri 
or  upper  Mississippi  valleys,  and  this  is  especially  true  of  storms  that  advance  from  the  Northwest, 
recurve  north  of  east  over  Iowa,  and  pass  thence  over  the  Lake  region.  At  times  this  development 
is  so  sudden  that  alertness  on  the  part  of  the  forecaster  to  detect  the  conditions  favorable  to  an 
increase  in  intensity  and  promptness  to  act  on  the  part  of  that  official  is  necessary  to  forewarn  lake 
interests  of  their  approach.  Storms  of  this  class  are  also  attended  during  the  colder  months  by  snow 
but  the  snowfalls  are  not,  as  a  rule,  so  heavy  as  those  that  attend  storms  from  the  Southwest.  The 
approach  of  storms  from  the  lower  Missouri  Valley  and  the  middle-west  is  generally  indicated  at 
points  on  the  Great  Lakes  twelve  to  twenty-four  hours  before  gales  begin  by  east  to  southeast  winds, 
falling  barometer,  fleecy  upper  clouds  moving  from  a  westerly  direction  that  gradually  become 
obscured  by  lower  clouds  that  move,  with  increasing  velocity,  first  from  the  south  and  later  from  the 
east  quadrants.  When  the  barometer  begins  to  fall  rapidly  and  the  wind  freshens-  and  shifts  to 
easterly  points  no  time  should  be  lost  in  seeking  shelter  by  vessels  that  are  liable  to  be  damaged  by 
easterly  gales.  Following  the  passage  of  the  center  of  a  storm  of  this  class  the  barometer  rises  and 
the  wind  shifts  suddenly  to  northwest  and  gradually  diminishes  in  force  with  clearing  weather.  In 
winter,  however,  light  snow  will  sometimes  continue  several  hours  after  the  center  of  the  storm  has 
passed  to  the  eastward.  This  is  particularly  true  in  cases  where  the  passage  of  the  storm  center  is 
followed  by  a  cold  wave.  While  storms  from  the  middle-west  are  common  to  all  seasons  of  the  year 
the  severer  types  of  this  class  that  endanger  lake  shipping  are  confined  principally  to  the  colder 
months. 

NORTHWEST  STORMS. 

The  class  to  which  the  greater  number  of  lake  storms  belong  includes  all  disturbances  that  move 
from  the  northeast  Rocky  Mountain  slope  and  the  British  Northwest  Territory  almost  directly  toward 
the  upper  lakes.  During  the  colder  months  many  of  these  storms  advance  from  the  North  Pacific 
Ocean.  Disturbances  of  the  northwest  type  are  seldom  very  severe  or  destructive  over  the  Lake 
region.  They  are  preceded  in  all  seasons  by  falling  barometer  and  southerly  winds  that  set  in 
twenty-four  hours  or  more  before  the  storm  center  reaches  the  lakes.  The  force  of  the  south  to 
southwest  winds  that  attend  the  approach  of  a  storm  from  the  Northwest  depends  upon  the  depth 
of  the  barometric  depression  and  the  gradient  it  presents.  On  the  United  States  side  of  the  Great 
Lakes,  with  the  exception  of  Lake  Michigan,  they  are,  however,  offshore  winds.  Following  the 
passage  of  the  center  of  a  northwest  storm  the  wind  at  points  on  the  Great  Lakes  shifts  to  west  and 
northwest  and  diminishes  in  force  and  the  barometer  rises  rapidly.  In  winter  the  precipitation  that 
attends  storms  of  this  class  is  generally  light,  and  heavy  snow  seldom,  if  ever,  falls  south  of  the  track 
of  the  storm  center.  In  summer  the  rain  that  falls  usually  comes  in  the  form  of  thunderstorms  and 
the  high  winds  in  squalls  from  the  Southwest  at  the  time  the  center  of  the  storm  is  passing. 

STORMS  OF  TROPIOAIi  ORIGIN. 

Some  of  the  severest  storms  of  the  Great  Lakes  have  been  of  tropical  origin.  Fortunately  this 
class  of  storms  has  been  of  exceedingly  rare  occurrence,  and  when  they  have  occurred  their  advance 


from  the  Gulf  of  Mexioo  or  the  south  Atlantic  coast  of  the  United  States  has  been  abundantly 
indicated  by  the  general  meteorological  conditions  that  have  attended  and  preceded  their  advance. 
The  following  table  shows  the  dates  of  storms  that  are  illustrated  on  the  charts  herewith.  As 
previously  stated  these  storms,  as  a  rule,  receive  special  mention  in  the  Monthly  Weather  Beview, 
and  are  considered  typical  storms  of  the  various  classified  types.  The  Wind  Barometer  Table  for  the 
Great  Lakes  was  prepared  by  the  writer  a  number  of  years  ago.  The  Table  of  Maximum  Wind 
Velocities  is  from  the  Meteorological  Chart  of  the  Great  Lakes  and  gives,  by  months,  the  highest 
wind  velocities  ever  recorded  during  the  season  of  navigation  at  the  various  Weather  Bureau  stations 
of  the  Great  Lakes. 


January,  1876 8-9 

1880 21-22 

1881 20-21 

1882 25-26 

1883 19-20 

1884 1-2 

1885 5-6 

1885 10-11 

1885 15-16 

1886 3-4 

1887 16-17 

1889 8-9 

1890 12-13 

1893 8-9 

1895 20-21 

1895 25-26 

Total  number  ....  1^ 

February,  1876 1 

1878 21-22 

1880 11-12 

1881 9-10 

1881 11-12 

1884. 18-19 

1885 9-10 

1887 25-26 

1888 23-24 

1889 a-4 

1892 6-7 

1893 1-2 

1893 27-28 

1898 18-19 

Total  number. ...  14 

March,  1876 15-16 

1876 24-25 

1877 1-2 

1878 2-3 

1880 4-5 

1880 26-27 

1881 18-19 

1882 8-9 

1882 20-21 

1884 10-11 

1885 13-14 


March,  1890 26-28 

1891 2-4 

1893 10-11 

1894 10-11 

1895 3-4 

1896 27-29 

1897 8-9 

1897 10-11 

1897 18-19 

1898 21-22 

1898 26-27 

Total  number  ....  22 

April,  1876 4-5 

1878 9-10 

1879 1-2 

1879 9-10 

1880 18-19 

1883 9-10 

1884.. 14-15 

1884 27-28 

1886 6-7 

1887 a-4 

1887 17-18 

1887 22-23 

1890 8-9 

1893 19-20 

1897 17-19 

1898 12-13 

Total  number  ....  16 

May,  1876 2-3 

1878 19-20 

1884 1-2 

1887 1-2 

1889 26-27 

1890 9-10 

1890 15-16 

1892 2-3 

1892 18-19 

1893 14-15 

1894 16-17 

1896 16-17 

1896 24-25 

1896 26-27 


May,  1898 17-19 

Total  number  ....  15 

June,  1876 lb-17 

1877 8-9 

1878 19-20 

1880 5-6 

1882 2-3 

1882 17-18 

1892 22-23 

1893 20-21 

1897 1-2 

Total  number  ,  .  _  9 

July,  1876 4-5 

1878 24-26 

1885 15-17 

1891 15-17 

1897 20-21 

1898  18-19 

Total  number     ...  6 

August,  1878 12-14 

1883 21-22 

1885 1-3 

1885 20-21 

1889 19-21 

1891 16-17 

1892 29-30 

1893 28-29 

Total  number  ....  8 

September,  1876 17-18 

1878 12-13 

1878 19-20 

1879 2-3 

1880 19-20 

1880   27-28 

1881 9-10 

1881 28-29 

1882   13-14 

1883 23-24 

1884 23-24 


/ 


/ 


8 


September,  1885 7-8 

1888 25-26 

1889 18-19 

1891 14-15 

1891 27-28 

1892 13-14 

1894 21-22 

1895 27-28 

1896 29-30 

1899 23-24 

1899 27-28 

1900 10-11 


Total  number 


23 


October,  1876 12-14 

1877 2-4 

1878 8-9 

1879 21-23 

1879 28-29 

1880 15-17 

1881 11-12 

1881 14-15 

1882 8-9 

1883 12-14 

1883 28-29 

1884 7-8 

1884 20-21 

1884 23-25 

1885 28-29 

1886 13-14 

1887 1-3 

1887 22-24 

1889 4-5 

1890  12-13 

1891 24-26 

1891 30-31 

1892 27-29 

1893 13-14 

1894 28-29 

.      1894 30-31 

1896 29-31 

1898 17-18 


October,  1898 24-26 

Total  number 29 

November,  1876 1-2 

1877 1-2 

1877 7-8 

1878 5-7 

1879 1-2 

1879 18-20 

1879 27-28 

1880 5-7 

1880 19-20 

1881 11-12 

1881 18-19 

1882 27-29 

1883 10-11 

1883 25-26 

1884 3-8 

1884 22-23 

1885 6-7 

1885 11-12 

1886 16-18 

1886 22-23 

1887 18-19 

1889 26-27 

1891 10-11 

1891 15-16 

1891 20-21 

1891 25-26 

1892 6-7 

1892 16-17 

1893 21-22 

1894 1-2 

1894 8-10 

1894 25-26 

1895 24-26 

1896 2-3 

1896... 4-5 

1897 4-5 

1897 8-9 

1897 10-11 

1898 1-2 

1898 4-5 

1898 7-8 


November,  1898 21-22 

1900 1*2-13 

1900 18-19 

1900 20-21 


Total  number  . . 

45 

December,  1876 

7-9 

1876 

..  28-29 

1877 

4-5 

1878 

..     9-10 

1878 

..  20-21 

1879 

. .     9-10 

1879 

..  21-22 

1880 

4-5 

1883 

..  23-24 

1883 

..  26-27 

1884 

5-6 

1884 

..  14-15 

1884 

..  21-22 

1885 

3-4 

1885 

8-9 

1886 

1-2 

1886 

3-4 

1888 

4-5 

1888 

..  24-25 

1890 

..  10-11 

1890 

..  27-29 

1891 

3-4 

1892 

7-8 

1892 

..  12-13 

1893 

..  14-15 

1894 

..     9-10 

1894 

..  11-12 

1895 

..  24-25 

1895 

..  29-30 

1896 

..  12-13 

1898 

3-5 

1899 

..  10-12 

1900 

3-4 

1900 

7-8 

1900 

..  22-23 

Total  number  . . . 


35 


Summary  of  the  number  of  severe  storms  that  visited  the  Great  Lakes  from  1876  to  1900,  inclusive : 


Number  of 
Month.  storms. 

January 16 

February 14 

March 22 

April 16 

May 15 

June   9 

July 6 


Number  of 
Month.  storms. 

August 8 

September 23 

October   29 

November    45 

December '  35 


Total 238 


WIND  BAROMBTBR  TABTiW  FOR  THB  GRBAT  LAKBS. 


Height  of  barometer  (lake  leyel). 


89.40  to  89.60,  and  steady 

89.40  to  89.60,  rising 

89. 40  to  89. 60,  falling 

89.60,  or  aboTe,  falling  rapidly. 

89. 60,  or  aboTe,  rising  rapidly . . . 
89'60,or  above,  steady 

89.40,  or  below,  falling  slowly 
89.40,  or  below,  falling  rapidly 

89. 40,  or  below,  rising  slowly  .  • . 
89*80,  or  below,  falling  rapidly 

89.80,  or  below,  falling  rapidly. 

89. 80,  or  below,  rising  rapidly. . . 


Direction  of  wind. 


West 

West 

South 

Bast  to  south 

West  to  north 
Variable 

South  to  east 
South  to  east. 

South  to  west 
South  to  east 

East  to  north 

Going  to  west 


Character  of  weather  and  wind  indicated. 


Fair,  slight  changes  in  temperature,  gentle  to  fresh  winds. 

Fair,  cooler,  fresh  west  to  northwest  winds. 

Warmer,  increasing  southerly  winds. 

Warmer,  rain  or  snow  within  86  hours,  increasing  east  to 

southeast  winds. 
Cool  and  clear,  quickly  followed  by  warmer,  yarlable  winds. 
No  immediate  change,  but  winds  will  go  to  south  inside  of  86 

hours. 
Rain  or  snow.  Increasing  easterly  winds. 
Rain  or  snow,  high  easterly  winds,  followed  within  48  hours  by 

clearing,  cooler,  west  to  northwest  winds. 
Clearing,  colder,  fresh  to  brisk  west  to  northwest  winds. 
Seyere  storm  of  wind  and  rain,  and  wind  shifting  to  northwest 

within  86  hours. 
Seyere  northeaster,  with  heayyralnor  snow,  and  winds  backing 

to  northwest. 
Clearing  and  cooler,  probably  cold  waye  In  winter. 


MAXIMUM  WIND  VBLOOTTIBS  IN  THB  LAKB  REGION. 

(From  Meteorological  Chart  of  the  Great  Lakes. ) 


Stations. 


Lake  Superior  : 

Dnloth 

Marqoette 

SaultSte.  Marie 
Lake  Michigan : 

Mackinaw  City 

Escanaba 

Green  Bay 

Milwaukee 

Chicago 

Grand  Haven.. 
Lake  Huron : 

Alpena  

Port  Huron 

Lake  Erie : 

Detroit 

Toledo 

Sandusky 

CleTeland , 

Erie 

BuffUo 

Lake  Ontario : 

Rochester 

Oswego 


April. 


?! 

«; 

4) 

W4 

> 

Q 

68 

ne. 

49 

w. 

60 

se. 

46 

se. 

48 

n. 

48 

w. 

64 

sw. 

72 

ne. 

44 

nw. 

49 

nw. 

60 

sw. 

72 

ne. 

60 

w. 

62 

nw. 

60 

n. 

60 

se. 

67 

8W. 

62 

w. 

54 

se. 

1883  I  22 

1891  ,  30 

1898  '  20 

I 

1887  ,  12 


1878* 

1892 

1878 

1893 

1882 

1896 
1898 

1898 
1892 
1880 
1901 
1894 
1897 

1892 
1893 


10 
2 
10 
20 
19 

4 
18 

20 
6 
19 
20 
10 
20 

13 
20 


May 


> 


60 
62 
60 

62 
88 
48 
49 
62 
42 

43 

64 

74 
62 
46 
60 
60 
68 

60 
40 


J3 


ne. 
se. 

e. 

n. 

n. 

se. 

e. 


8W. 

sw. 

8W. 

e. 

nw. 

sw. 

s. 

sw. 


se. 


7- 

2 

;S 

& 
20 

1877 

1896 

26 

1892 

18 

1883 

10 

1879* 

26 

1894 

18 

1896 

25 

1894 

18 

1898 

19 

1896 

17 

1896 

17 

1893 

28 

1882 

6 

1878 

10 

1893 

23 

lofO 
1884 

•  «  «   • 

2 

1884 

2 

1894 

20 

June. 


> 


48 
45 
45 

47 
40 
41 
60 
72 
48 

48 

62  I  w. 


SW. 

se. 
nw. 

8.  • 

SW. 

SW. 

nw. 
nw. 


60 
60 
57 
60 
40 
66 

44 
36 


nw. 

w. 

nw. 

nw. 

w. 

8W. 


ne. 


I 


1880  24 
1899  18 
1898  I  1 

1887  '  17 
1876  17 


1901 
1880 
1892 
1879 

1881 
1898 

1890 
1888 
1882 
1898 
1899 
1893 

1888 
1886 


28 

4 

13 

27 

13 
12 

17 
13 
29 
12 
7 
11 

6 
6 


Ju 

• 

•> 

«; 

> 

C) 

48 

nw. 

68 

sw. 

42 

nw. 

37 

sw. 

87 

nw. 

48 

8W. 

60 

aw. 

72 

w. 

48 

sw. 

60 

sw. 

66 

n. 

54 

n. 

49 

nw. 

69 

n. 

66 

w. 

56 

w. 

60 

8W. 

52 

nw. 

38 

n. 

u 
m 
a> 


1897 
1901 
1896 

1887 
1901 
1898 
1874 
1897 
1895 

1876 
1879 


S 

m 


2 
20 
28 

30 
20 
19 
24 
5 
16 

15 

11 


1898 
1892 
1879 
1896 
1876  ... 
1876  '  5 


7 

24 
11 
26 


1888  11 
1888  11 


August 


> 


60 
48 
60 

38 
44 
42 
62 
72 
48 

41 
62 

87 
45 
63 
58 
40 
51 

48 
51 


§ 

>* 


nw. 
sw. 
nw. 

sw.. 
n. 

8W. 

W. 

SW. 

nw. 

nw. 
n. 

nw. 
ne. 
ne. 
nw. 


ne. 
n. 


1897 
1890 
1897 

1888 
1875 
1888 
1896 
1898 
1896 

1901 
1896 

1896 
1875 
1885 
1896 
1895 
1898 

1893 
1893 


5 

01 


8 

2 

29 

20 
20 
8 
9 
16 
10 

29 
8 

11 

1 

9 

10 

28 

3 

29 
29 


September. 

October. 

November. 

December. 

Stations. 

• 

78 
61 
46 

39 
40 
62 
48 
72 
60 

48 
{46 
}46 

43 

60 
52 
66 
46 

78 

66 
51 

>* 

1 

16 
21 
16 

6 
9 
16 
20 
11 
19 

10 
20 
11 

11 
24 
16 
16 
12 
12 

14 
26 

• 

> 

66 
46 
60 

57 
46 
48 
60 
68 
66 

42 
64 

61 
62 
54 
62 
48 
66 

56 
66 

ne. 

n. 

nw. 

e. 

sw. 

nw. 

sw. 

se. 

sw. 

nw. 
sw. 

nw. 
se. 
n. 
nw. 

w. 
w. 

sw. 
se. 

30 
28 
14 

28 

16 
28 
16 
19 
9 

29 
24 

81 
12 
29 
11 
24 
24 

24 
14 

t 

66 
48 
62 

53 
60 
40 
51 
76 
62 

60 
68 

76 
60 
62 
73 
54 
80 

65 

48 

s 

1 

21 
14 
18 

17 
8 

17 

11 
7 

28 

5 
26 

26 
26 
20 
26 
23 
21 

26 
21 

60 
54 
64 

60 
54 
38 
66 
60 
66 

72 
67 

61 
48 
66 
60 
62 
78 

64 
62 

Q 

sw. 

w. 

nw. 

se. 
n. 

8W. 

sw. 
sw. 

8W. 
SW. 

sw. 

8W. 
SW. 

nw. 
w. 

8. 
W. 

w. 

w. 

i 

i 

• 

Lake  Superior: 

Ihiluth 

ne. 

8. 
SW. 

w. 
n. 
nw. 

w. 

sw. 

nw. 

w. 

8. 
SW. 

8W. 
8. 

nw. 
nw. 
sw. 

w. 

w. 
nw. 

1881 
1893 
1901 

1887 

1875* 

1893 

1890 

1900 

1878 

1884 
1878 
1900 

1900 
1896 
1897 
1897 
1886 
1900 

1882 
1892 

1896 
1892 
1893 

1887 
1880 
1892 
1880 
1898 
1876 

1874 
1887 

1891 
1901 
1885 
1894 
1887 
1887 

1887 
1893 

nw. 
sw. 
nw. 

e. 
n. 
n. 
nw. 

8. 

nw. 

sw. 
sw. 

sw. 

8W. 

nw. 

8. 

w. 
w. 

8. 

w. 

1898 
1894 
1896 

1886 
1877 
1892 
1883 
1898 
1882* 

1874 
1896 

1895 
1896 
1879 
1895 
1891 
1900 

1883 
1900 

1874 
1876 
1901 

1887 
1873 
1891 
1873 
1894 
1876 

1873 
1889 

1890 
1889 
1885 
1898 
1876 
1895 

1889 
1889 

16 

Marauette 

9 

Sault  Ste.  Marie 

81 

Lake  Michigan : 

Mackinaw  City 

31 

Escanaba ....,,...,.., , , ..  ^ . 

3 

Green  Bay 

5 

Milwaukee 

4 

ChicaiFO 

16 

Grand  Haven 

15 

Lake  Huron : 

Alnena 

4 

Port  Huron 

29 

Lake  Erie : 

Detroit 

23 

Toledo 

29 

Sanduak  V 

s 

ClevelAnd 

6 

Erie 

Boffklo 

81 

Lake  Ontario : 

RoGhestfir 

22 

Osw^ffo 

26 

*  And  other  years. 


$: 


January  8, 1878—7:80  a.  m^ 


^-i: 


\- 


;r   /■;■■"■;  .  . 

■'  t     /      l      I  sat 
K  '--^   ■  :  i    {    ■/     !    30 

\\\"-  --VA 

^-A    Vv  >\     .^ 

V  \  ;       ; 


Jlv. — 


January  0>  18?a— 7:36  a.  m. 


I  ;  \ 


-'e-j 


Jasmacy  10, 1870—1  a.  m. 


Chart  V, 


January  21^  l&QO— 3  p.. 


/4 


Ohffjrt  VL 


January  21»  1880—11  -q.  m. 


Januar7  22, 1880—7  a.  m. 


Jeaxaary  22, 1880— 8  p.  m. 


January  20, 1881—3  p.  m. 


H       '       ^    '"  ■'  'B 


i^4J 


_:i^- 


January  SO,  1881—11  p-  m. 


n 


Chart  Xl 


January  21»  1881^7  a.  zm 


Ohart  XTT. 


January  21^  1881--3  p^m. 


^      ■■ ^a- 


i. 


^\>'J 


1-- 

I 


l._.  -J.  -._    _.; 


_  _^/y..'**.^.  ll 


1 


January  25, 1883^11  p.  nu 


January  S6, 183^—1.  &  m. 


imr^tw. 


Janaarj  29, 1883—8  p.  m. 


'J]^'^^^S^lZS^I 


Jamiary  28, 1883 — 11  p.  m. 


Ohart  X.VSL 


January  19, 1683—11  p.  m. 


i2.l 


OhBXtXnL 


January  20, 1888—8  p.  m. 


Chart  X2L 


January  20, 1883—11  p.  m. 


Chart  XXT. 


2Z 


January  1, 1884—7  a.  m. 


Chart  XXn. 


January  1, 1884—8  p.  m. 


January  1, 1884—11  p.  t 


M  I.  IJi/^F^:^^^ 


jOtaart  ZZV. 


Janoarya,  1886— 8i».nL 


Oliart  XXVL 


January  5, 1886—11  p.  m. 


^ 


Olmrt  !SXVn 


January  6, 1685—7  a.  m. 


Chart  ZXVilL 


January  6, 1886—3  p.  m. 


January  10, 1880—11  p.  to: 


.g   '  "■    y  H  h  W  ga^j^ 


Tt   ■■■-■  ■*„  ■;  ■>r  -a-  ■       /rij  .g  '  '"    w         fr Ju ff    "■■ — m 


januBzy  U,  188&~7  a.  m. 


January  11, 1886— S  p.  m. 


^^^kL/L  ^fi7rT?^^U3^-z?^C3^ 


Jannury  11, 188fr— 11  p.  i 


Chart  XZXnL 


January  IS,  188S-11  p.  m. 


Chart  ZXXIV. 


January  10, 1885—7  a.  m. 


>,  -.'--^  . 

'  ,lf      ^.--H 


(pm^f^':-A^ 


'rf:-H::mm 


I, 


Juaxuary  16, 188S — 3  p.  m. 


phart  ZZXn. 


January  10, 1886—11  p.  m. 


Ohart  XXXVn.. 


January  8, 1688—7  a 


Ohact  ZXXVIIL 


Janaary  3, 1889—11  p.  m. 


~^r--: 

i:(^*''^W-^ 

/^'  "'-  s 

■^""^-J    •' ' 

1  •/ 

K'-'^/^/G^ 

•  t  ^^- 

u-  ^--i 

I 

Ni  - 

'< 

■;   ■  '■^■■1. 

y)>{ 

\- A, ,  r 

'1 

V-\/ 

IB 

^ 

—4 

Chart  TTTriny, 


January  4, 1886—7  a.  m.. 


ix 


Chart  XTiT. 


January  16, 1887—7  a.  m. 


Chart  XLTI. 


January  16, 1887—3  p.  m. 


Chart  Trr.TTT, 


Janaary  10, 1S87— 11  p.  m. 


January  17, 1887—7  a.  m. 


January  8, 1889—8  a.  m: 


3»'  Otaart  ZLVIL 


J&nuary  0, 1889—8  a.  ir. 


Obart  ZLVm. 


Ja&tuu7  0, 1880—8  p.  m. 


January  12, 1890—8  p.  m. 


January  18, 1800—8  a.  m. 


3a  ^  -^Siy    ^ 


Ohart  Ln. 


January  13, 1890—8  p.  m. 


302        \    f     i        i/d\fi 


I 


i 


.  i.' 


/:M^ 


January  9, 1893—8  a.  m. 


January  20,  188S— 8  a.  m. 


1 

i^dI^-c''-^ 

1 

Wa 

\'wf 

tw% 

1^ 

^Mh^r 

ii  / 

,     / 

"P^S 

t 

^W/ 

— — 

3 

Obart  Lvm. 

__■     ^ 


JaDoary  SO,  18QS— 8  p.  m- 


JanuKry  31, 1600—8  Ck  u 


Jauuar;  26. 1896—8  a.  m. 


Jaouarr  26, 180S — 8  a.  mi 


9  U  ^^^^ 


1 


January  21, 188S— 8  p.  i 


Ohart  I2TL 


Jannaiy  22, 1890—8  a.  a 


CPtaart  LZVnL 


Jantiary  23, 1808—8  k.  d. 


January  26,  X898— 8  a,  tn. 


^7 


26. 1800—8  a.  m. 


Chart  TiXyTf 


^  January  26, 1800— 8  .p.  m. 


Chart  LXXm.                                                    February  1, 187«-7;86  ».  m. 

'r  l^-s^^-v7-7C:'"  ■" 

:  :''■  •■■'  '(.    \  .,     -^ ini^ 

Ty--: 

.;^:..:7---7.-...-7'     ;/-■..■■? 

i' 

U  *        ■  /■•^'.,';-i -..[.   ..-.. 

: 

'\.    \    ;/       ih"   '■■'i-rf» 

■■^   \   ■    ■  \  ■  /-._  .'  /  '      ■•     i    sfi 

., 

^-.          ;|  -.     .      ;       ,^  ■      J  --.:;" 

y-1-  -■■<-  '■'  /  ■'  ; "  '.■ 

\      . . 

■  h 

1  i 

\  r 

^V_-- 

'  !l 

■         _      ,     .           .    i               \  .,         .      .    .1         I          J   .  ..        ..1 

t '■ : rr -. : 

>■ 

'-   ■■-" 

February  1, 1876—4:86  p.  n. 


U.__:i\:  _::.ff::i 


February  1. 1876—11  p.  m. 


1     -a'   \--r  ■      • 

■~'A/:  ,-■ 

■i  A'..  :  ■/  ■■: ' 

1  ■  ~-  ., 

"■■;.   ■■/■•-."■" 

'  ^  -    -      -  '.  _-. 

"■"<■■  ^    ■   M 

■*•■          \.\     \~~ ^--^ 

ai-r 

■  ^.'.-    ,  ^ 

-  -  W' 

1  ^- ""' 

.-.--^-.-- 

-y. 


Oh-MtLXXVI. 


February  2, 1870— 7  a.  rtL 


i51 


Chart  IiXXVU. 


February  26, 1876—11  p.  to. 


f'  ■ 


Chart  LXZVUL 


February  27, 1870— 7:86  a.  m 


SOl).m. 

:5^j:tr-' 

■  /"""-■<.    ''i"^     .'■  ■    ' "  •  i 

£>./      ^ 

Y-'-'.^     :          ■-•^.          '—  '      y                             ,      l^-.- 

\| 

vj  *    "'"■;\:;r '■--..   :  r^ 

: .  -^- 

H,;X          ,   /     -.//;---.i      .^ 

1 
,       1 

i 

i 

o\\^  "- -Vn;. 

1 

30.0  .,    ..  <■;       \ 

^1=1 

.<'-'- 

.:.l..-— ^ 

P«lmiaj7  97, 1870—11  p.  m. 


rebraaiT  21, 1879-7:30  a.  m. 


i-^l;  t\  -yi' 

^^1 

>{-..>~-t:;~--.y                ii-r-.. 

30' ; 

i   ;    »    .     •'.,.,  J^"^ :  ■■—   ;  /--- 

«'"        .-^'' 

\:  \V"\  ■  1    yr"M" 

i 

T'         ! 

\  ■ 
\A 

i- ^%"^'1 

\ 

....  V '1 

[L . .;  _..„,  }^.  Ai__ J    _i.... 

.-. i^'^^-j;-      .-    .     L^_.,..J|| 

{Qisrt  Tr^y^" 


F«braary21,  1878--4;8S  p.  m.  - 


r 


February  31, 1878—11  p-  m. 


Umi-fT.K  X  VI  Vi 


Febmsrr  SA,  1878—7:30  a.  kl 


m 


rTha.yt.  T.Trvy  V 


Febmsry  11, 1880—7  a.  in- 


Ohart  T.TTTWT 


Tebroary  U,  1880—8  p.  m. 


iattXiXXXvn. 


February  11, 1880— U  p.  m.' 


^^TJZMriz^^jf^- 


i — f- 


Obaxt  T-TTx  XVIII, 


FabruaiT  IS,  1860—7  a.  m. 


0bw4  T.v vviir 


February  9, 1881—7  a.  m. 


)  v;- 


^\l-\j-^f 


i 
r 


February  d,  1881—3  p.  m. 


February  9, 1881—11  p.  t»- 


.  f  ■''-^•h-i^y   X        ^T..  ■" '.   '/""i  "-■■-— 4-—;.  1      .....     \ 

>\--..      .'/        ;>--S.:,;-.-i-..-Ar^^ 


February  lO,  1881—7  a.  m. 


;  t  • 


^^"■r~-Tf-f^.?''^  ^^-'^ 


r/--...\ 


~Ml 


]  ~  t  ']'■  '  i  •■■^%^^'£ 


■Mii 


Chart  ZOm. 


February  11,  1681— 7  ».  zn. 


February  II,  1881—3  p.  i 


'         /    T-ft„    ,'      '/■""' f'-i  .'         --«    '  ;.. «.  V  'l\  '  , 


M< 


Pebrnaiy  u,  1881—11  p.  m. 


'^Vl't 


K^ 


12,1881—70.  m. 


'^':->\  ^liff 


_1 L. 


^ 


Co 


Ohart  XOVn.. 


February  18,  1884—11  p.  m. 


GRiartXOVill. 


February  19, 1884—7  a.  m. 


FebruaiT  10.  ^BB4-3  p.  m 


FebrnuT  Id.  1884—11  p-  ul 


Fetimary  9, 18B5— 7  a.  m. 


February  0,  1886—3  p.  itt. 


1 

• 

^\ 

ii 

J 

[L .. 

— ^^.- 

Pelmiary  9, 1886— U  p.  i 


February  10,  1886—7  a.  m. 


.0       -a     -^ 


February  26. 1887—3  p.  id- 


February  36,  1887—7  a. 


Chart  OVnt 


F«bTuai7  36,  1887—8  p.  m. 


Ohart  OIX. 


February  28,  1888—10  p.  in. 


a 


Ohart  OX 


February  24, 


^t'^ 


cr 


Ohart  OXI. 


Februaxy  24,  1888—3  p.  zn. 


Ohart  OXTT, 


February  24, 1888—10  p.  in* 


February  8,  1889—8  a.  m. 


FebniaiT  8, 1889—8  p.  m 


*f 


Obart  CIXV. 


February  4,  1880—8  a.  xn. 


OhartOXVI. 


—  ■     J  Ji  UJ"1-    -     Ji 


^f'^?: 


Febroary  4, 1880—8  p.  m. 


Obaxt  OXVIIL 


February  6,  1802—8  p.  m, 


ObortOZIX. 


Februar;  7,  18S2— 8  a.  m. 


February  7,  1892—8  p.  m. 


Obart  OXZL 


FebniotT  1,  1803—8  &.  m. 


#^ 

^^^ 

^w^ 

00-         \ 

,^«?^,\— — 

d 

J 

CSiart  oxzhl 


February  Q,  1803—8  &.  m. 


Obart  UXXZV. 


V«bnuuy  9,  189S— 8  p.  m. 


Chart  OXXV. 


February  18,  180a— 8  a.  m. 


Chart  UJUC7L 


February  18, 1808—8  p.  m. 


atubrt  .OXZ3X 


FebnuuT  28,  1893—8  a.  m. 


i<r . 


>     1 


eo:..-/'-' 


oi  '  .X 


Oim-i-t-  f  1  y  TT  T  TT 


FetmuuT  28,  1898—8  p.  m. 


Chart  UXXXIH.  Pebraary  IS,  1808—8  a.  m. 

•%,  >sj^- — ^<1^'-/-am  \V\-.       \  ^  \t**"  r.o'    '        "^^ 


Chart  OZZZIV.  Febraary  18, 1808—8  p.  m. 

,  <S  \  JO-  V><^ 


^T-;;-^ 

^    *//:• 


^f 


OhartOZXZTT, 


February  10, 1808—8  a.  m. 


Ohart  OXXXVI. 


February  10, 1808—8  p.  m. 


COtart  OZXX  VIL 


Maroh  15,  1670—7:86  a.in. 


Obairt  OXXXViU. 


Maroh  Ifi,  1870-4:85  p.  m. 


Otaart  f^TT  K  v  I K 


March  16,  1876—7:36  a.  m. 


.  )  .   '■ 


Tf-: 


':■)■   ■■• 


If       ^.^  ■■.;  '    ...   'v  " 

March  16, 1876—4:86  p.  m. 

■'■-0'   ^^-r^i^ 

Hi  A  ■■■■  vf -o;; ;. 

'■:Ch 

\ 

""  -■  ■  '  '\rt-y^- T~- 

1 

1         , 

:   '  "::::?..'•/  /^ 

;           J. 

/         ' 

i ,'          •.■:l.   \   "■■■-':'~-'^; 

.,:--'    "  "  '• 

Maroh  24,  1876-7:86  a.  m. 


Maroh  34, 1870—4:86  p.  in. 


Obart  OXLm. 
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Ohait  OOOOL3CZIV. 
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September  14>  1882—7  &•  m. 


Chart  00CX3LZZVIL 


September  28,  1888^7  a.  m. 


Chart  OOOOLZXVm. 


September  28,  1888—8  p.  m. 
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Chart  OOOOLXXX. 
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Chart  OOOOLZZ. 


SeptemtMr  ae,  1881-«  p.  m. 
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Ohart  OOOOLXXrV. 
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Ootdber  28, 1870—7:86  a.  m. 
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Chart  DLXVI. 


Ootober  8,  1882^8  p.  m. 
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October  9, 1882—7  a.  m. 
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October  9,  1882—8  p.  in. 
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Chart  DIiXDL 


October  12,  1888—8  p.  m. 
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October  20,  1884—7  a.  m. 


Clhart  DliXZZn. 


Ootol>er  ao,  1884—3  p.  m. 


Jbart  t^T.K  H  V II I 


October  21,  1884—7  a.  m. 


MO  V'     ^  --'-ij^7,Oi! 

V   /./O    •*"  V  ^ 


V 


Ihart  DliZXXnr. 


October  21,  1884—8  p.  m. 


Chart  BLXXXV. 


October  23,  1884—8  p.  m. 


Chart  DLXXXVI. 


October  24,  1884—7  a. 


299^  fr* 


Tbart  DI.TX'JtVII. 


ThU^  T>T.WXVI[I, 


October  SS,  1884-7  &.  m. 


Oliart  T^T.Tnunic. 


Ootober  28,  1886—7  a.  m. 


-4L-  ---^ 


4c>^-lj«^-»i^'.  )\ 


S3 ^ 


yf'L 


.y\Z<' 


■I'  -/    ]   \  N/l 


■f 


-i 
-^-^i' 


October  as,  1886—8  p.  m. 


Ohaxt  DZOL 


Ootober  ao,  1886—7  a.  m. 


SJ>  T--a-  -r- 


i^:r.:.J 


'--)\a. 


"A 


a. 


.L ^--j4 


OLart  DXOn. 


October  20, 1886—3  p.  m. 
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Ootober  14,  1880-8  p.  m. 
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Ootober  2,  1887—7  a.  m. 
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